Meteorological
Research Institute, Tokyo (Received May 4, 1959) Natural resources in Japan are so poor that water is sometimes considerd as almost the only natural resource in Japan.
In Northern Japan, a large percentage of precipitation in winter is in the form of snow, and remains on the ground as a snow deposit.
As the mean air-temperature during winter is near freezing point in Northern
Japan, the run-off is mainly due to melting snow and is believed to be nearly proportional to the variation of air-temperature. We wish totest this assumption based on some reliable data.
As a measure of the run-off, we will take the hydroelectric potential out-put W which has been calculated and published by the Ministry of International Trade and Industry of Japan.
The hydroelectric potential output in terms of KWh (kilowatthour) is defined as the available power which could have been generated during the period considered by this study with all the run-off-river hydroelectric power plants available on March 31, 1958. In other words, we assume here that the status of the hydroelectric power plants remained the same throughout this period. In earlier years considered by this study, the run-off-river hydroelectric power plants were, of course, actually fewer and less efficient than those used at present. Therefore, even if the run-off in the past was much more abundant than the run-off at present, the actual hydro-electric out-put at that time must have been far lower than that at present.
To eliminate such differences, we employ the concept called the hydroelectric potential out-put. Moreover, the hydroelectric yotentia out-put in KWh has a remarkable nature which allows addition and subtraction in purely arithmetic process.
By integrated run-off, we mean the total amount of water flow for a given period as determined by the hydroelectric potential out-put.
As for the integrated run-off data in HOKKAI-DO and the TOHOKU District, we have expressed them in terms of hydroelectric potential out-put W within the jurisdiction of the HOKKAIDO Electric Company and the TOHOKU Electric Company, as shown in Tables 1 and 2 Fig. 1 . To define the mean air-temperatures for these two districts in such a manner may not be proper.
However the mean temperature values obtained were used in constructing Tables 1 and 2 . In Table 1 , the integrated run-off and the mean air-temperature of HOKKAIDO were tabulated for the colder half of the year. The period covered by the data used for this study ranged from 1942 to 1956, using not the calendar year, but the fiscal year in Japan.
For example, the data for 1942 would be. from April 1, 1942 to March 31, 1943.
The correlation coefficient r between the run-off and the mean air-temperature for each month was also computed and tabulated (as shown along the bottom line of Table 1 .)
The correlation coefficient r was found to be +0.64 in November, when the mean air-temperature was 1.1°C or near the freezing point. This means that snow will melt as air-temperature rises above the freezing point. But the correlation coefficient was found to drop off rapidly during the period December through March when the mean air-temperature is far below the freezing point. Almost all precipitation during this period accumulates over hills and valleys and does not melt as a whole. However, the correlation coefficient increases again to a value as high as +0.89 in April, when the mean air-temperature is above the freezing point. Indeed, April is the very season when the run-off of all the rivers in HOKKAIDO begins to increase due to the melting of snow-deposits.
The run-off varies almost proportionally to the variation of air-temperature.
In May, the correlation coefficient drops sharply, and 36H.
Arakawa and K. TsutsurniVol. X No. 1 in June the correlation even becomes negative, and the run-off will now be controlled completely by precipitation, and not by air-temperature. Table 2 . Integrated run-off W (in 106 KWh) and mean air-temperature t (in °C) in the TOHOKU District, month by month in chronological order.
In Table 2 , the integrated run-off and the mean air-temperatures of the TOHOKU District were tabulated for the colder half of the year. The range of period is the same as in Table 1 . The correlation coefficient between the run-off and the mean air-temperature in November is negative. The correlation coefficients from December to April, were always as large as +0.7-+0.9. Thus the run-off in the TOHOKU District is seen to be governed largely, if not wholly, by the variation of the mean air-temperature.
It should also be noted here that the mean air-temperature in the TOHOKU District is relatively warm during the winter and does not drop greatly below the freezing point. But the correlation coefficient drops off sharply in May and June, when the run-off is controlled decisively by the precipitation itself.
For the sake of reference, we have computed the coefficient a (in 106 KWh/°C) of the regression equation by the method of least square, assuming the relation : W= Wo+a (t-t0).
The coefficients for HOKKAIDO and the TOHOKU District are :
In Figs. 2 and 3 The above study leads to a quite natural conclusion that, where there are enough snow-deposits in the mountainous areas and when the air-temperature is near or slightly above the freezing point, the run-off will be completely determined by the variation of the air-temperature. But when the air-temperature is well below or well above the freezing point, the run-off will not be governed chiefly by the variation of the air-temperature itself. This conclusion is in good harmony with the mechanism of melting snow.
